Introduction
International Association for the Study of Pain has designated 2017 as the global year against pain after surgery. Surgery can alter the neuroplasticity of spinal cord, leading to the development of central sensitization. 1, 2 Long-term potentiation (LTP), a longlasting increase of synaptic strength at the C-fiber synapses, [3] [4] [5] as well as stimulation of glial cells and dorsal root ganglion cell body cross-talk 6 in the spinal dorsal horn has also been proposed as the potential mechanism to play a role in central sensitization; this would lead to enhanced pain perception in the postoperative period, clinically manifested as allodynia, secondary hyperalgesia, and dysthesias. Therefore, strategies that could reduce central sensitization would help to manage postoperative pain effectively.
Sodium channels, opioid receptors, and N-methyl-daspartate (NMDA) receptors play a crucial role in the LTP and the central sensitization. [7] [8] [9] [10] [11] Sodium channels play a role in the transmission of nociceptive inputs through C-fibers from the site of surgery to the dorsal horn of the spinal cord. Opioid receptors play a role in the modulation, and among other main triggers, NMDA receptors are principally the most responsible for the plasticity of central nervous system. [12] [13] [14] Employment of a multimodal strategy that combines drugs from different classes of analgesics may achieve better control of acute postsurgical pain, while allowing for opioid-sparing effect. 15 Combination of ketamine, acting on glutamateactivated NMDA receptors, 8, 16 lidocaine, acting on sodium channels, 17, 18 and tramadol, a centrally acting analgesic with dual action acting on µl opioid receptor and the monoaminergic pathway, responsible for noradrenaline and serotonin (5-hydroxytryptamine ) reuptake, 19, 20 may prevent development of central sensitization with less pain in the postoperative period. Combination of lidocaine and ketamine as a nonopioid adjunct can enhance the efficacy, 21 decrease the drug-related side effects, 22 and reduce the opioid requirement and their side effects in the postoperative period. 23 In humans and animals, pre-emptive [24] [25] [26] [27] [28] [29] [30] [31] and multimodal [32] [33] [34] analgesia has been reported to control pain more effectively than administering analgesics postoperatively or alone. Successful pre-emptive multimodal analgesia may increase the nociceptive threshold and minimize or block nociceptor activation. 35 Perioperative infusions of ketamine or lidocaine for analgesia have been used on humans [36] [37] [38] and animals 33, [39] [40] [41] with varying degree of success reported. McCarthy et al 37 reported clear advantage of systemic lidocaine in abdominal surgery in humans (including reduced pain score, reduced postoperative analgesic requirement, and decreased intraoperative anesthetic requirements, as well as faster return of bowel function and decreased length of hospital stay). The difference may be related to the different infusion regimens, surgical procedures, and severity of pain. We recently described a higher loading dose and infusion rates that increased the mechanical thresholds in conscious dogs. 42 Combination of ketaminelidocaine infusion with tramadol for their effects on central sensitization and pain has not been reported yet. Therefore, we tested if short-term infusion of ketamine-lidocaine for 2 hours confers additional analgesia to that of tramadol in a dog model of ovariohysterectomy. Tramadol, a centrally acting analgesic with dual mechanism of action, was chosen as it is widely available in most developing countries and has negligible respiratory, cardiovascular, and gastrointestinal effects than other typical opioids. 43 
Materials and methods Animals
The study was conducted as approved by the Universiti Putra Malaysia Animal Care and Use Committee (UPM/IACUC/ AUP-R023/2013) and conformed to the Malaysian Code of Practice in the Care and Use of Animals for Scientific Purposes. Twelve healthy adult female dogs of mixed breed with a mean body weight of 15.42±2.83 kg and 2-10 years of age underwent ovariohysterectomy. Dogs were divided into two groups of six dogs each: ketamine-lidocaine-tramadol (KLT) and tramadol alone (T) groups. Dogs were judged healthy based on the physical examination, hematology, and blood biochemistry parameters. Housing consisted of one dog per kennel with the dimension of 2.6×5.6 feet, with tiled floor. Animals were fed with commercial dog feed twice daily with water ad libitum.
Anesthesia and surgical protocol
Dogs were fasted for 12 hours before anesthesia with free access to water. Right forelimbs of the animals were shaved with a clipper and aseptically catheterized with a 20-gauge catheter placed in cephalic veins (Vasofix ® Braunule ® ; B Braune Melsungen AG, Melsungen, Germany) for infusion of the treatment. Anesthesia was induced by administration of propofol (5 mg/kg intravenous [IV], Profol™ 1%; Claris Lifesciences Limited, Ahmedabad, India) over 1 min, intubated, and maintained with isoflurane (Isoflurane USP; Piramal Health Care, Andhra Pradesh, India) in oxygen; all the animals breathed spontaneously. During surgery, vaporizer was adjusted to maintain the end-tidal isoflurane concentration (ETiso) at 1.4%. If the dog moved, surgical manipulation was halted and anesthesia deepened. Surgery resumed once the dog was judged to be in surgical plane, and vaporizer was reset to previous setting.
Dogs were then placed in lateral recumbency. Lactated Ringer's solution (B Braun Medical Industries, Penang, Malaysia) was administered at the rate of 10 mL/kg/hour throughout the surgery. Noninvasive systolic, mean, and diastolic blood pressure, electrocardiogram, pulse oximetry, esophageal temperature, and airway gases were measured using a multiparametric monitor (GE Healthcare, Helsinki, Finland). A blood pressure cuff of 40%-60% circumference of the antebrachium was used to measure blood pressure. Ovariohysterectomy was performed via midline approach using the three-clamp pedicle technique. The abdominal 
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KLT suppressed central sensitization and reduced postoperative pain wall was closed using 2/0 Vicryl, with simple continuous pattern on the linea alba, modified Cushing on the subcutaneous layer, and intradermal on the skin. All surgeries were performed by a single experienced surgeon.
Treatment groups
Dogs were randomly assigned to two groups of six dogs each: KLT and T groups. Both groups received IV tramadol (ANALAB 50 mg; Biolab Co. Ltd, Praksa Samut Prakan, Thailand) 4 mg/kg as premedication. Immediately after induction, the KLT group received ketamine (Narketan ® -10, 100 mg/ mL; Vetoquinol UK Limited, Buckingham, UK) and lidocaine (Xylocaine ® 2% [20 mg/mL]; AstraZeneca, Courbevoie, France) at 0.5 and 2 mg/kg loading dose, followed by continuous rate infusion (CRI) of 50 and 100 µg/kg/min, respectively. Dogs in T group received saline bolus and CRI at equi-volume. Following skin preparation and transfer to the operating theater, skin incision typically started 30 min after the start of treatment infusion and anesthesia induction. Ketamine-lidocaine or saline was infused for a total duration of 2 hours, covering the periods before skin incision, throughout the surgery, and during recovery, until the 2-hour duration of infusion had ended. The ketamine-lidocaine combination was prepared by diluting 0.6 mL of Narketan-10 into 5.4 mL saline and was mixed with 6 mL of Xylocaine 2%. The mixture was infused at 0.6 mL/ kg/hour using a syringe pump (Omnifuse; Graseby Medical Limited, Coulsdon, UK). The doses of ketamine and lidocaine were selected on the basis of a previous study. 42 
Intraoperative physiological and anesthetic parameters
Intraoperative heart rate, blood pressure, respiration rate, body temperature, and airway gases were recorded during skin preparation as baseline and throughout surgery, at skin incision, pulling of first and second pedicles, clamping of uterine body, and suturing of linea alba, subcutaneous layer, and skin.
Assessment of sedation and postoperative pain
All assessments were performed by two observers blinded to the treatment. Sedation score was recorded on a scale based on Savvas et al at 0 hour at any time before surgery and 1, 2, 4, 6, and 8 hours after extubation. 44 Short form of the Glasgow composite measure pain scale (CMPS-SF) was used to assess pain subjectively. Pain was assessed before surgery as baseline at 0 hour and after extubation at 1, 2, 4, 6, 8, 12, 18, 24, 30, 36, 42, 48, 60 , and 72 hours. Provision of rescue analgesia was planned with tramadol 4 mg/kg IV, if the CMPS-SF pain score exceeded the recommended level of ≥6.
Mechanical thresholds
A Wagner algometer (FPX 25; Wagner Instruments, Greenwich, CT, USA) with a modified tip 45 was used in this study for the purpose of mechanical threshold measurement. Thresholds were determined at distal radius, distal tibia, and surgical wound (abdomen) with the dog in lateral recumbency. For the radius, the algometer was placed over a bony surface at the distal end on the dorsal aspect, with the leg held extended. The tibia was tested on the distal laterodorsal surface where the bone could be palpated through the skin, with the leg held extended. The abdomen was tested at midpoint, 2 cm lateral to the midline incision on both sides. The radius was tested first, then the tibia, and lastly the abdomen. A response to the application of the probe was taken to be either a flinch, withdrawal of limb, or vocalization. Thresholds were determined in triplicate and the average was taken for each time point. The thresholds were measured before surgery with baseline at 0 hour and then after extubation at 1, 2, 4, 6, 8, 12, 18, 24, 30, 36, 42, 48, 60, and 72 hours. During threshold determination, the operator did not look at the reading of the algometer as he applied consistent force. The operator concentrated on the dogs' response and immediately stopped when the dogs exhibited the predefined response. The mechanical thresholds were cross-checked by another observer who recorded the algometer readings and dogs' responses. Both observers carried out the same tasks and were blinded to the treatments throughout this study. Furthermore, the dogs used in this study were well familiarized with the researchers, therefore did not require any restraining even at the time of palpation at wound. Thus, the researchers were well aware with the normal behavior of these dogs; therefore, any deviation from the normal behavior could easily be distinguished.
Statistical analysis
Statistical analysis was performed using the SPSS software package, version 20 (IBM SPSS Statistics 20) . Prior to the analysis, data were checked for their conformance to the normal distribution using Kolmogorov-Smirnov normality test. Differences between the two groups in body weight, total surgery time, total anesthesia time, extubation time, and standing time were compared using Independent t-test. Differences between the treatment means were compared using Mann-Whitney U test for nonparametric data. Differences within treatment across time points were compared with 
Results
There was no difference in the mean body weight, total anesthesia, surgery time, and time from extubation to sternal recumbency between KLT and T groups (Table 1) . There was no difference in the ETiso concentration during anesthesia in both KLT and T groups ( Table 2) . One dog each in KLT and T groups moved during pulling pedicle and uterine body, where the ETiso was 1.4%, and the isoflurane concentration was increased momentarily to 2% and 2.3%, respectively. End tidal carbon dioxide concentration was significantly higher in KLT than in T group; as reflected by the lower respiratory rates in KLT compared to higher respiratory rates in T group throughout the surgery ( Table 2 ). None of the dogs required rescue analgesia at any time up to 72 hours after surgery in both KLT and T groups.
Intraoperative blood pressure, heart rate, and body temperature Blood pressure increased with skin incision and continued to be elevated throughout the surgery in the T group. In the KLT group, blood pressure was only elevated significantly during manipulation of the pedicles and uterine body (Table 3) . Blood pressure in the T group was higher (P=0.0001) than in KLT group throughout the surgery. Heart rate tended to increase with surgery in both the groups, but statistical difference from baseline was detected only during pulling of first and second pedicles in the T group. Body temperature did not differ significantly between the two treatments (Table 3) .
Postoperative sedation
Sedation score was not different between the two treatment groups. All the animals in T group were alert and able to stand at 1 hour after extubation. In the KLT group, one dog was not able to stand at 1 hour and one dog at 2 hours after extubation, although they were alert and able to maintain sternal recumbency.
Glasgow pain score
At each time point, CMPS-SF scores between the groups were not different (Table 4) . However, the CMPS-SF scores were statistically higher than baseline at 1, 2, 4, 6, and 12 hours in the T group. In the KLT group, the CMPS-SF scores were elevated at 1 hour only. None of the dogs recorded CMPS-SF scores higher than 6; thus, rescue analgesia was not required throughout the study. 
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KLT suppressed central sensitization and reduced postoperative pain
Mechanical thresholds Surgical wound at abdomen
Following surgery, the mechanical thresholds decreased significantly compared to baseline throughout the 72 hours in the T group. In the KLT group, the thresholds were not different from baseline for up to 8 hours, and decreased significantly from 12 to 60 hours compared to baseline. Thresholds in group T tended to be lower than in KLT from 1 to 72 hours, with time significance detected at 8 hours postoperatively (Table 5) .
Distal tibia
In both the groups, thresholds at 1 hour postoperatively were higher than baseline. Thereafter, the thresholds gradually decreased to values lower than baseline at time points between 24 and 72 hours in group T. In group KLT, thresholds lower than baseline values were significant only at 24, 42, and 60 hours postoperatively (Table 5 ). There was no statistical difference in postoperative mechanical thresholds between KLT and T groups at any time point; however, the mechanical thresholds tended to be lower in T group than in KLT group at 30 (P=0.109), 36 (P=0.173), 42 (P=0.075), 48 (P=0.150), and 60 (P=0.150) hours (Table 5) .
Distal radius
Mechanical thresholds at distal radius in both the groups increased higher than baseline in the first 4-6 hours after surgery and then reduced. The reduction was steeper in the T group; the thresholds became significantly lower than in KLT group at 24 and 36 hours and continued to decrease below their baseline values between 36 and 48 hours. In the KLT group, significantly lower values than baseline value were not detected at any time point (Table 5) .
Postoperative heart rate, respiration rate, and body temperature
There was no treatment difference in the postoperative heart rate, respiratory rate, and body temperature of the dogs.
Discussion
In this study, the addition of ketamine-lidocaine infusion to pre-emptive tramadol provided better intraoperative and postoperative analgesia in dogs undergoing ovariohysterectomy. The addition of ketamine-lidocaine infusion reduced the increment of intraoperative blood pressure to a greater extent compared to tramadol alone. Postoperatively, the addition of ketamine-lidocaine reduced the decrement of mechanical thresholds at the site of surgery (primary hyperalgesia) for 
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Kaka et al the first 8 hours, and prevented the decrement of mechanical thresholds throughout the study at the distal tibia and radius (secondary hyperalgesia).
Intraoperative mean blood pressure and respiration were higher in T group compared to KLT group. In the KLT group, mean blood pressures were elevated from baseline only during stimulation of the first pedicle, second pedicle, and uterine body, while the pressures were elevated throughout the whole surgery in the T group. Likewise, the respiratory rates were higher in T group throughout the surgery compared to KLT group. Significant increment in the heart rates during stimulation of pedicles was observed in T group, but not in KLT group. Traction of mesovarium during ovariectomy is known to produce the strongest noxious stimulation, therefore resulting in the highest change in blood pressures, heart rates, and respiratory rates due to stimulation of sympathetic nervous system. [46] [47] [48] [49] Thus, in this study, changes in respiration, heart rates, and blood pressures in the tramadol group indicate that, addition of ketamine-lidocaine obtunded the sympathetic response to surgical stimulation more than tramadol alone.
In this study, the median ETiso throughout surgery in both groups was found to be around 1.4%, and was not different between groups. However, the respiratory rates were lower in KLT group, resulting in higher end-tidal carbon tidal concentration compared to that in T group. Ketamine and lidocaine have been reported to reduce the ETiso to maintain anesthesia in dogs. 50, 51 Thus, the addition of ketamine-lidocaine infusion in this study likely has increased the depth of anesthesia and contributed to the respiratory depression. Surgery contributes to postoperative pain hypersensitivity, and this can be objectively demonstrated as decrement in mechanical thresholds. 24, 25, 26 Decrement of thresholds at the secondary sites distant from surgery reflects development of central sensitization. Therefore, attenuation of these changes would suggest attenuation of central sensitization. In this study, mechanical thresholds at the abdomen (primary site) decreased postoperatively for a shorter duration in KLT group, compared to the entire 72 hours in T group, suggesting more adequate postoperative analgesia in the immediate postoperative period (up to 8 hours) in KLT group. Similar trends were demonstrated at the distal tibia (secondary site). At the distal radius, KLT successfully suppressed decrement of thresholds throughout the 72 hours of study. These findings strongly suggest the benefits of ketamine-lidocaine infusion, even when administered for 2 hours, to prevent central hypersensitivity.
The more prolonged decrement of thresholds at the distal tibia compared to that at the distal radius in this study concurred with the findings reported by Lascelles et al. 24 This phenomenon may reflect greater changes to the central synaptic plasticity, and closer proximity of the spinal cord segments supplying the distal tibia and the abdominal muscles, compared to distal radius. Consequently, the addition of ketamine-lidocaine infusion could suppress development 
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KLT suppressed central sensitization and reduced postoperative pain of allodynia at the distal radius better than distal tibia, as shown in this study.
Combination of subjective as well as objective tools for assessing the analgesic efficacy of drugs in the postoperative period may give more optimum results compared to using each tool alone. The CMPS-SF has been validated and reported to be able to distinguish pain of different severities. 52 Using this pain scale, differences in postoperative pain between KLT and T groups have been shown in this study. Pain scores significantly increased from baseline only at the first hour in KLT, compared to 12 hours in the T group. The quicker return to baseline pain score suggests better postoperative analgesia in the KLT group. Furthermore, the highest pain score recorded was score 3 in KLT group versus score 5 in T group. The recommended score for analgesic intervention is 6 out of a maximum of 24 for this pain scale; 53, 54 thus, none of the dogs in this study required rescue analgesia.
Level of consciousness in response to sedatives may alter the pain assessment, resulting in masking of the actual pain scores. Therefore, no other sedative was used in this study apart from the tested drugs. Most of the dogs in the T group were alert and able to walk normally at 1 hour postextubation. One dog in the KLT group was unable to stand at 1 hour and another dog at 2 hours postextubation; however, they were alert and able to maintain sternal recumbency.
Pre-emptive analgesia has been defined as "an antinociceptive treatment that prevents establishment of altered central processing of afferent input from injuries". 55 Practically, pre-emptive analgesia means the injection of analgesic agent before the start of surgical stimulus with the aim of preventing or reducing subsequent pain. 56 Injection of a drug simply before surgery without considering its pharmacology is not considered as true "pre-emptive analgesia". Multimodal analgesia is the term given to the technique in which different analgesics with various modes of action are mixed with the aim of acting on different pathways and neurotransmitters involved in nociception and hyperalgesia. 23 Postoperative pain is the result of four steps of nociception, which are transduction, transmission, perception, and modulation. 57 The rationale of multimodal analgesia, therefore, should be to target these steps in the nociceptive pathways, in order to prevent development of central sensitization. In this context, we combined ketamine-lidocaine on the top of tramadol.
Systemic lidocaine produces analgesia as a result of its multifactorial interactions with sodium channels and direct or indirect interaction with various receptors and nociceptive transmission pathways. Besides its main action on the sodium channels, it decreases glutamate release from the cerebrocortical nerve terminals and increases extracellular glycine concentration resulting in enhanced activity at the inhibitory glycinergic synapses by inhibition of GlyT1-mediated glycine reuptake at the supraspinal level. It has been reported to reduce neurokinins and the production of thromboxane A2, and it releases endogenous opioids. 17 Ketamine, on the other hand, acts on the calcium channels at the NMDA receptors, resulting in the attenuation of the exaggerated nociceptive action potentials, thus diminishing the pain sensation. It blocks Na + channels in the peripheral and central nervous systems, and interacts with monoaminergic and voltagesensitive Ca +2 channels. 16, 58 It has been reported to inhibit the glial cell activation and reduce the proinflammatory cytokines interleukin-1β, interleukin-6, and tumor necrosis factor-α. 59 Tramadol produces analgesia by inhibiting noradrenaline reuptake and through the increased release and inhibition of serotonin reuptake. 19, 20 Thus, tramadol activates both systems involved in the inhibition of pain: the opioid and the descending monoaminergic system. It has low affinity for the µ, δ, κ, opioid receptors and weaker affinity for the kappa subtype.
An ) influx. Continuous release of glutmate, substance P, and calcitonin gene-related peptide results in sufficient membrane depolarization forcing the Mg 2+ to allow Ca 2+ influx into the neuron, activating the intracellular pathways boosting the synaptic efficacy. Calcitonin gene-related peptide also enhances the release of brain-derived neurotrophic factor (BDNF) from nociceptor neurons. BDNF binds to trkB receptor and enhances NMDAR-mediated C-fiber-evoked responses, and causes activation of several signaling pathways in spinothalamic track neurons, including extracellular signal-regulated kinase and protein kinase C. Extracellular signal-regulated kinase is also activated by a serotoninergic (5-HT) descending input involving the ionotropic 5-HT 3 receptor and possibly the 5-HT 7 GS-coupled receptor. Activation of protein kinase C contributes to hyperexcitability and maintenance of central sensitization by increasing the probability of NMDA receptor opening through removing the Mg 2+ block on the one hand and decreasing inhibitory transmission by reducing gamma-aminobutyric acid and glycine tonic inhibition as well as the descending inhibition driven from the periaqueductal gray (PAG) on the other hand. This leaves the dorsal horn neurons more prone to activation by excitatory inputs including non-nociceptive A-fibers. Central sensitization is induced within seconds of intense and repeated nociceptive stimuli and lasts for tens of minutes to several hours in the absence of further stimuli. 1 Spinal LTP has been reported to play a role in central sensitization. Spinal LTP has been proposed to be a cellular mechanism of pain amplification in acute and chronic pain states that develop from an initial painful event. The induction of nearly all forms of spinal LTP is blocked by application of NMDA receptor antagonist. 4 Ketamine at 10 mg/kg intraperitoneally alleviated the pain behavior in rats through inhibition of upregulation of phosphorylated and total NMDA receptors at the spinal level. 60 In clinical cases of complex regional pain syndrome, addition of ketamine 0.5 mg/kg to the sympathetic blocks provided significant relief in allodynia. 61 In a behavioral study, chronic ketamine prevented BDNF-induced mechanical hyperalgesia in rats. 62 Likewise, systemic lidocaine at 2 mg/kg bolus significantly suppressed development of acute mechanical hyperalgesia during tonic pressure. 63 Systemic lidocaine decreased pain and morphine requirement (103.1±72.0 versus 159.0±73.3 mg) after major abdominal surgery. 64 In a clinical study, pre-emptive lidocaine improved immediate postoperative pain after transabdominal hysterectomy. 65 Taking together all the lines of evidences, mode of action of ketamine, lidocaine, tramadol, and the findings of this study, it can be concluded that addition of ketamine-lidocaine to preoperative IV bolus of tramadol significantly attenuated the development of central sensitization likely by blocking the various pathways involved in postoperative pain; with subsequent decrease in postoperative pain and analgesic requirement during the 72-hour study period in dogs.
Proper pain relief is one of the primary concerns in both human and veterinary medicine due to its close ties with postoperative standard of care and patient well-being. In this context, this study was conducted to evaluate the analgesic effects of ketamine-lidocaine infusion in addition to single intravenous dose of tramadol during and after ovariohysterectomy in a dog model. Drugs were administered before the start of surgery as pre-emptive multimodal analgesia. Algometry and short form of the Glasgow composite pain scale were used to measure postoperative pain up to 72 hours. The addition of ketamine-lidocaine infusion to single intravenous dose of tramadol significantly dampened intraoperative hemodynamic responses, reduced secondary hyperalgesia, and improved postoperative analgesia.
Conclusion
This study demonstrated that pre-emptive use of KLT obtunded intraoperative sympathetic responses better than tramadol alone. The KLT combination attenuated primary hyperalgesia better than tramadol in the immediate 8 hours postsurgery and helped to reduce secondary hyperalgesia during the 72-hour postoperative study period. Results of this study support the pre-emptive use of ketamine-lidocaine infusion in addition to tramadol for suppression of central sensitization to enhance postoperative pain relief. Mechanism of action of IV lidocaine and ketamine and the results of this study show that both the drugs have potential for attenuating central sensitization and are important candidates for the pre-emptive multimodal analgesia protocols for postoperative pain management. However, further research is necessary to evaluate IV lidocaine and ketamine on more surgical models adjudged to have higher pain intensity, such as orthopedics with the CRI for periods covering pre-, intra-and immediate postsurgical period until recovery.
